We compare two small open economics, Iceland and Ireland, that experienced a capital inflow through their banking systems in the period preceding the 2008 financial crises but differ in their currency arrangements. Both countries have mostly recovered from their respective crises, but the differences in the way their economies adjusted are interesting. The evidence suggests that changes in the real exchange rate served as the adjusting mechanism for Iceland"s current account while in Ireland domestic demand compression served as the main adjustment mechanism. We also explore the adjustment to the crisis in three other Eurozone economies and find that they were similar to the one in Ireland.
Introduction
In the years preceding the global financial crisis that started in 2008, capital moved from current-account surplus countries (such as China, Germany, Japan and the Netherlands) to deficit countries (such as the United States, Spain, the U.K., Ireland, Portugal, Greece and Iceland), and this development set the stage for the crisis by elevating asset prices and real exchange rates to unsustainable levels in the deficit countries. Subsequently, a sudden stop to capital flows entering the deficit countries caused financial distress in banks and the public sector, starting with the American subprime crisis in 2007. 2 While the crisis is sometimes viewed as a debt crisis, requiring debt forgiveness or restructuring, the necessary adjustment of real exchange rates is also turning out to be difficult to implement, especially within the euro zone. The latter problem has made some economists and policy makers recommend that countries such as Greece, which find internal devaluation difficult, be allowed to leave the euro zone temporarily in order to enjoy the benefits of lower real exchange rates through lower imports and a greater demand for domestic products. 3 The sudden stop of capital inflows into Iceland and Ireland in 2008 caused a banking crisis in both countries, as well as a currency crisis in Iceland and a government debt crisis in Ireland. While the economies of both countries have at the time of this writing mostly recovered from the slump that followed the financial crises, the current-account adjustment differed between the two countries.
Despite a large number of studies on currency regimes and current account dynamics, the adjustment process under different currency regimes is the least understood. In particular, the adjustment of deficit countries after the recent crisis has become highly controversial with no consensus emerging. In the case of currency union, the standard theoretical macro models imply adjustment by targeting real exchange rate along with the use of an active fiscal policy (see, e.g., Allsopp and Vines (2008) ). 4 The empirical studies on this issue have proposed varying degree of explanations. Some of the recent empirical studies, while relying on panel data, have found contrasting results regarding the role of currency regimes and current account adjustment (see, e.g., Chinn and Wei (2013) and Martin (2016) ). Hence, the adjustment process in small open economies in general, and Eurozone in particular remains unclear.
This paper attempts to improve the understanding of the current account adjustment in small open economies with a focus on the role of currency regimes. Using Iceland and
Ireland as the natural experiments, we analyse the macroeconomic adjustment to the sudden stops of capital inflows in order to explore differences in the adjustment mechanisms between the system of floating exchange rates and a currency union. In addition, we also explore the adjustment to the crisis in three other peripheral Eurozone countries -Italy, Spain and Portugal.
Ireland with 14 billion dollars. Outside the euro zone Sweden had a surplus and the U.K. a big deficit. Source: IMF. 3 See Krugman (2015) and Sinn (2014a) .
The paper is organised as follows. Section 2 highlights the destabilising nature -sudden stops -of international capital flows in small open economies. Section 3 presents a brief history of the recent credit booms and busts in Iceland and Ireland. Section 4 reviews the relevant literature on the current account adjustment while highlighting the role of currency regimes. Section 5 investigates the current account adjustment in Iceland and Ireland. Section 6 concludes this paper.
Sudden stops
Financial crises in emerging market economies are usually triggered by a sudden stop of capital inflows. 5 Capital inflows sometimes go through the banking system -as in East Asian countries in the years preceding their financial crises in 1997 -or through portfolio investments -as in Latin America in the 1998-99. 6 Sudden stops to capital inflows occur when the pace of the inflow falls or an inflow becomes an outflow. As described by Calvo 
Relevant lierature
There is sufficient empirical literature on current account adjustments and currency regimes, most of which is relatively recent. We review some of the main studies covering advanced economies, which also include European economies.
There are studies, which argue that a currency regime does not matter for the adjustment Internal adjustment, where the current account adjustment is the result of a slowdown in growth due to domestic demand compression without much movement in real exchange rate.
This category of adjustment in their analyses constituted majority of the episodes. ii) External adjustment, where the current account adjustment was primarily due to real exchange rate depreciation. iii) Mixed category, where adjustment was the result of both real exchange rate and slowdown in economic growth. The authors finally conclude that the adjustment pattern cannot be explained by exchange rate regime but is explained by economic conditions and business cycle positions.
In general, most of the studies find that real exchange rate (proxy for competitiveness) amongst other factors is an important variable for the current account dynamics. Ghosh et al. (2013) investigate the dependence of current account dynamics on exchange rate flexibility.
The authors construct a bilateral trade-weighted real exchange rate volatility measures for 159 countries using data sample 1980-2010, finding significant impact of exchange rate on the current account dynamics. The authors conclude that flexible exchange rates result in a rapid adjustment of the current account in all economies (advanced, EM, and developing), and the persistence of current account imbalance is lower under flexible regimes.
Gnimassoun and Mignon (2013) rate does not play any significant role in explaining the current account dynamics in the boom years for advanced Europe (including Peripheral countries). Furthermore, the authors find that the coefficient on interacting dummy is significant, concluding that the effects of real exchange rate in the post-crisis period are significant. Lane and Milesi-Ferretti (2012) investigate the current account adjustment in advanced and emerging economies following the recent financial crisis. They find that the post-crisis contractions in current account balances were sharp in those countries whose current account balances exceeded levels explained by fundamentals. The authors find no evidence of real exchange rate affecting the post-crisis current account dynamics in the Eurozone, but find evidence of domestic demand compression playing a crucial role in the current account adjustment.We now move to the formal testing of the adjustment mechanisms in a floating exchange rate and a currency union.
Empirical analysis
We first show how the external balance can be attained through either real exchange rate adjustment or demand compression before describing the data and presenting our empirical results.
Adjustment
Assuming a Cobb-Douglas utility function in non-traded goods (N) and traded goods (T) ,
one can show how a trade balance can be attained. Maximising utility with respect to a budget constraint with the real exchange rate e defined as the relative price of traded goods in terms of non-traded goods, we find that the first-order condition of utility maximisation is
We define the current account deficit CAD as the difference between the demand for tradable goods T and the output of tradable goods Y
A sudden stop will make the current account deficit disappear and in some cases become negative. Because in the short run the output of tradable goods is fixed, this implies that the fall in the demand for tradable goods equals (at least) the current account deficit:
Taking the logarithm of equation (2), first differencing and inserting equation (4) gives .
It follows that the larger the current account deficit, measured as a share of total demand for tradable goods, the larger the domestic demand compression and/or the real exchange rate depreciation following a sudden stop of capital inflows.
The size of the sum of the relative change in domestic demand ∆N/N and the real exchange rate ⁄ can then be written as ,
which says simply that the larger the ratio of domestic output of tradable goods to the domestic demand of tradable goods, the smaller the adjustment. It follows that countries that import almost all of their tradable output suffer more severe changes in output and real exchange rates.
We now turn to exploring the effect of the sudden stop of capital flows into Ireland and Iceland in the fall of 2008 with the aim of testing for the two adjustment mechanisms.
Data and methodology
We analyse the current account adjustment to the sudden stop of capital inflows in the two economies. We will also include other peripheral countries (Portugal, Spain and Italy) for comparison.
The variables used in the empirical section are real domestic demand (D), real exchange rates (REX), and current account balance to GDP (CAB).The choice of variables in our empirical analysis is based on the recent experience of widening current account imbalances in Europe. Large capital inflows had the effects of appreciating real exchange rate and generating domestic demand booms in the deficit countries prior to the crisis. Hence, these two variables are considered the main determinants of the current account imbalances in Europe, as also described in Kang and Shambaugh (2013).
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Our data sample covers a time period from 1998Q2 to 2014Q3 for Iceland, and 1998Q2 to 2014Q1 for Ireland. Time series plots of all the variables are shown in Figures 2a and 2b, while the sources of the data are found in Table A2 . We fit a Hodrick-Prescott (HP) trend in the current account and real exchange rate series to highlight the deviations from the trends. We adjust all the variables for seasonal variations. We then test all the variables for a unit root using the Augmented Dicky-Fuller (ADF) and the Philips-Perron (PP) tests. The results of ADF and PP tests are sensitive to the presence of a structural break, therefore we extend our analysis to a unit-root structural break test, using the "Innovational Outlier" (here after IO) test by Perron (1997) . The IO model with a dummy for the shift in mean and trend is represented as follows
where is the first-difference operator, is a white noise, T is the time index (t=1,...,T).
in the model is a dummy for shift in mean at a potential break point TB, and is a dummy for the shift in trend; , = t-TB if t>TB, and zero otherwise.
The results of the ADF and PP test indicate that domestic demand (D) and the real exchange rate (REX) exhibit a unit root while the current account balance to GDP (CAB) is stationary at levels in both countries. We compare these findings with the results of IO test in We estimate a trivariate VAR model to investigate the role of the real exchange rate and domestic demand in the adjustment of current account balances. We initially set up a VAR model of the following order:
where ΔREX represents the log difference of the real exchange rate, ΔD represents the log difference of domestic demand, and CAB represents the current account balance to GDP.
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Consistent with the standard practice in VAR, all the variables in our analyses are stationary, aiming to generate a stationary vector, i.e., the variables (except current account to GDP) are first logged and then included in levels if stationary, or differenced if found to have a unit root. This strategy is widely adopted in the empirical literature. For example, a very similar approach can be found in Lee and Chinn (2006) where a bivariate VAR model of real exchange rates and current account balance is estimated. In their analyses, real exchange rate is expressed as first difference of the logged series while current account to GDP is in levels as it is found to be stationary. Similarly, Kano (2008) while investigating current account dynamics implement a trivariate VAR model with world real interest rates, net output, and current account to net output. After performing unit root tests, the author generates a stationary vector by including net output as a first difference of the logged series while interest rate and current account to net output are included in their levels.
After generating a stable VAR, we orthogonalize the innovations by imposing a Cholesky structure on the system and estimate a structural VAR (SVAR). For simplicity, the matrix with restrictions can be represented as follows,
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for Ireland takes the value of 1 during the crisis period of [2008Q2-2009Q1] and zero for the rest of the sample. for Iceland marks the regime shift due to the implementation of capital controls and this takes a value of 1 during the crisis and onwards, i.e. [2008Q2-2014Q3] . 13 We use four-period moving average of current account balance for Iceland and Ireland in order to reduce the effects of the crisis.
[ ] where represents real exchange rate shock, domestic demand shock, and current account shock respectively. Zeros in the above lower triangular matrix represent the imposed restrictions, while * represents the estimated parameters.
The structure we impose on the model implies that the current account contemporaneously responds to real exchange rate. Our decision of real exchange rate preceding current account balance in the matrix is similar to several other studies (see, e.g., (Lee and Chinn, 2006; Narayan, 2013) ). 14 Finally, domestic demand precedes current account in our first model. As discussed earlier, domestic demand boom -stemming from capital inflows -is considered a key determinant of current account in the deficit countries.
The ordering of variables is crucial in a SVAR model. To overcome this issue, we extend our analyses to modelling different combinations of the three variables. For all the combinations, we orthogonalise the innovations by imposing a Cholesky structure as discussed earlier. The comparison of different SVAR models is a useful exercise to study how the underlying assumptions can affect our results.
Results and discussion
We estimate VAR(5) for Ireland and VAR (8) The response of CA balance to a demand shock in both the countries is highly significant and follows a similar pattern. 
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Figure 5. Forecast error variance decomposition of CAB in Ireland
The x-axis represents quarters; y-axis represents the percentage of variation in current account balance explained by variables in the model.
Forecast error variance decomposition of CAB in Iceland
To further analyse the dynamics of the adjustment mechanism, we use the forecast error variance decomposition (FEVD) for the CA balance. Figure 5 shows that most of the variation in the Irish current account is explained by the domestic demand shocks and the current account balance shocks itself while the amount of current account adjustment attributed to the real exchange rate is almost negligible. In contrast, the results in Figure 6 strongly validate the argument that the adjustment mechanism in Iceland is strongly influenced by the real exchange rate in addition to domestic demand. Coming back to equation (5) above, we find that changes in the real exchange rate play a key role in the adjustment of the current account in Iceland while changes in domestic demand play that role in Ireland.
Comparing different VAR models
We pay considerable attention to the robustness of our results. In this regard, we compare the impulse responses of different VAR models. In particular, we obtain orthogonal impulse responses by considering the following combinations: Figure 7 reports the results of a domestic demand shock on the current account balance to GDP ratio for different models. For different combinations of VAR, we find that the effects of domestic demand shocks on current account balance are statistically significant and strong in magnitude for all the countries. The shapes of our impulse responses are not sensitive to the ordering of the model, which implies that adopting different VAR models or choosing different variable combinations does not alter our interpretations in any fundamental way.
15 Figure 8 reports the effects of real exchange rate shocks on the current account balance to GDP ratio. Choosing different VAR models, we find that the real exchange rate has a very strong and significant impact on the current account balance of Iceland. On the other hand, the effects of real exchange rate shocks on the current account balances of Eurozone countries are weak and insignificant. Moreover, we test all these models for varying lag lengths, finding no major impact on their impulse responses. figure 8 , REX, is the log of real exchange rate (first differenced), DD is the log of real domestic demand (first differenced), CAB is the current account balance to GDP (in levels). Reduced form VAR is the VAR model without contemporaneous effects.
Figure 8
Real exchange rate shock:
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Italy Spain Portugal Note: In figure 8 , REX, is the log of real exchange rate (first differenced), DD is the log of real domestic demand (first differenced), CAB is the current account balance to GDP (in levels). Reduced form VAR is the VAR model without contemporaneous effects.
Conclusions
This paper has investigated the mechanisms behind the current account adjustment following a sudden stop of capital inflows in small open economies differing in their currency arrangements. We found that the real exchange rate served as the main adjustment mechanism for Iceland"s current account, while in Ireland and in other peripheral Eurozone countries -Italy, Spain and Portugal -domestic demand compression served as the main adjustment mechanism. Small open economies operating under fully sovereign currency regimes have the potential to adjust more rapidly following sudden stops to capital inflows due to real exchange rate adjustments. For Ireland and other members of the euro zone, the adjustment process is much slower. The compression in domestic demand, crucial for facilitating current account adjustments, has also resulted in long-lasting recessions, deflation and high unemployment in Ireland, as well as in Italy, Portugal and Spain.
However, an independent currency can come at a great cost. Iceland´s banking system collapsed because of the lack of a lender of last resort in foreign currencies. Living standards fell due to the exchange rate depreciation, interest rates have been much higher than those facing Irish households and capital controls were imposed in 2008 because of a balance of payment crisis. Moreover, the volatility of the nominal exchange rate has skewed the real economy towards banking and retail during the high exchange rate years before the crisis and towards tourism during the low exchange rate years after the crisis.
The choice for the policy in a small, open economy is between having a safety valve in the form of a floating currency while enduring the volatility of real exchange rate and the current account, on the one hand, and giving up this safety valve hence risking periods of high unemployment and demand compression. In both systems a set of macro-prudential policies can be used to mitigate the costs by reducing exchange rate volatility in the floating regime and the risks of a crisis in the fixed exchange rate system. 
